






Exhibit A 
 

TDD Spectrum Holders in Europe, the Middle East and Africa (EMEA) in the  
1900-1920 MHz band 

 
 

 

3G Blue 3G Blue 
Airtel Móvil Airtel Móvil 
Ålands Ålands 
Amena Amena 
Bouygues Telecom Bouygues Telecom 
Cellcom Cellcom 
Centretel Centretel 
CosmOTE CosmOTE 
Dutchtone Dutchtone 
EMT EMT 
E-Plus E-Plus 
EPT EPT 
Europolitan Europolitan 
Eurotel Eurotel 
France Telecom France Telecom 
Group 3G Group 3G 
  

HI3G HI3G 
IPSE IPSE 
KPN KPN 
Latvijas Mobilais Latvijas Mobilais 
Libertel Libertel 
LuXcommunications LuXcommunications 
Max.mobile Max.mobile 
MobilCom MobilCom 
Mobilkom Mobilkom 
Mobiltelefon Mobiltelefon 
Mobitel Mobitel 
Netcom GSM Netcom GSM 
O2 O2 
Omnitel Omnitel 
One2One One2One 
Oni way  Oni way  
  
  
  

Optimus Optimus 
Orange Orange 
Panafon Panafon 
Partner Partner 
Pele-phone Pele-phone 
Polkomtel Polkomtel 
PTC PTC 
Radiolinja Radiolinja 
SFR SFR 
Sonera Sonera 
Song Networks Song Networks 
STET Hellas STET Hellas 
Sunrise Sunrise 
Suomen 3G Suomen 3G 
Swisscom Swisscom 
Tango S.A. Tango S.A. 

  
  

TDC Mobile TDC Mobile 
Team 3G Team 3G 
Tele2 Tele2 
Telecel Telecel 
Telefónica Móviles Telefónica Móviles 
Telenor Telenor 
Telia Telia 
Telia Mobile Telia Mobile 
TIM TIM 
TMN TMN 
T-Mobil T-Mobil 
VIAG VIAG 
Vodafone D2 Vodafone D2 
Vodafone Ireland Vodafone Ireland 
Wind Wind 
Xfera Xfera 

  
  

 
TDD Spectrum Holders in Asia/Pacific Region (Partial List) 

 
Chunghwa Telecom  
CKW Wireless (Aust) 
CSL (Hong Kong) 
HI3G (Hong Kong) 
MobileOne (Singapore) 
Optus (Australia) 
SmarTone 3G (Hong Kong) 
Starhub Mobile (Singapore) 
STM  
SUNDAY 3G (Hong Kong) 
Vodafone (Australia) 

 

Taiwan Cellular 
Taiwan PCS 
Telecom NZ  
Telekom Malaysia 
Telstra (Australia) 
UMTS (Malaysia) 
Vodafone NZ 
Yuan-Ze Telecom 

 

 



Exhibit B 
Current Worldwide Trials and Commercial Deployments of TDD Systems 

in the 1900-1920 MHz and 2010-2025 MHz Bands 
 
 
 

Country Band Number of Operators 

Singapore 1900-1920 MHz 2 

Malaysia 2010-2025 MHz 1 

Japan 2010-2025 MHz 2 

China 1900-1920 MHz 

2010-2025 MHz 

1 

1 

United Kingdom 1900-1920 MHz 3 

Germany 1900-1920 MHz 1 

France 1900-1920 MHz 1 

Italy 1900-1920 MHz 2 

Ireland 1900-1920 MHz 2 

Spain 1900-1920 MHz 1 

Portugal 1900-1920 MHz 1 

Austria 1900-1920 MHz 1 

Czech Republic 1900-1920 MHz 1 

 



Exhibit C 

IPWireless Announces the World's First, Fully Interoperable, 3G Network 
for Mobile Voice and Broadband Data 
 
IPWireless Successfully Completes Interoperability and Co-Existence Tests  

SAN BRUNO, CA - June 25, 2003 - IPWireless has successfully completed the world's first interoperability (IOT) and 
co-existence testing between UMTS TDD (TD-CDMA) and UMTS FDD (WCDMA) networks at Nortel Networks wireless 
headquarters in Châteaufort, France. The test, completed during a trial of the IPWireless™ TDD solution, demonstrated 
that both FDD and TDD standards of 3G UMTS can co-exist in the same cell site and interface together as one network 
solution. 
 
The tests also showed the co-existence of both FDD and TDD Node Bs at the same cell site without any interference or 
degradation of service using paired and unpaired spectrum allocations. These findings prove conclusively that mobile 
network operators can safely offer the high-bandwidth low-latency services available on a TDD network on the cell sites 
with existing or planned FDD deployments. 
 
Chris Gilbert, CEO of IPWireless said, "This is another important step for IPWireless, demonstrating that there is a UMTS 
solution for operators unpaired TDD spectrum which can leverage and work seamlessly with other UMTS solutions. This 
solution will allow operators to offer a host of attractive new services that have proven market appeal." 
 
The world's first IOT test integrated IPWireless' TDD Radio Access Network (RAN) via the Iups interface (between RNC 
and SGSN) with Nortel Networks market leading packet core solution, which is deployed by a number of major 
European operators.  
 
Alain Biston, president and general manager, UMTS Networks, Nortel Networks said, "This test with IP Wireless 
demonstrates the high interoperability of our intelligent packet core solution with multiple wireless access technologies." 
 
IPWireless is supplying their 3GPP standards compliant UMTS TDD Mobile Broadband technology equipment including 
Node Bs, Integrated Network Controllers and end user PC cards (PCMCIAs). Via the PC card, the IPWireless solution 
gives laptop and PDA users mobile Internet access at speeds up to 1.5Mbps - faster than the fixed line Broadband rates 
currently available. In a fully deployed network, broadband coverage is as ubiquitous as with today's GSM networks. 
This offers a multitude of new revenue streams for mobile network operators and the services that business and 
residential users are demanding. 
 
About IPWireless 
 
IPWireless offers mobile broadband, an extremely disruptive technology that is on track to change the way people 
around the world communicate, access the Internet, and use a host of applications at home, at the office, or on the 
road. IPWireless has quickly established itself as a leader in the market, with commercial deployments around the world 
and trials with ten of the top twenty global wireless operators. IPWireless has announced strategic partnerships and 
relationships with some of the largest companies in the industry, including Alcatel and Solectron. Founded in April 1999, 
IPWireless is led by a world-class management team of seasoned entrepreneurs and technology and marketing 
executives from leading mobile and communication companies including Cisco, Lucent, Motorola, and Qualcomm. The 
company, backed by more than $150 million in funding from leading venture capital firms, is headquartered in San 
Bruno, California, with R&D and sales facilities based in the U.K. For more information about IPWireless, visit the 
company's Web site at www.ipwireless.com. 

### 
For further press information contact: 
 
Ross Perich 
Trainer Communications 
(925) 556-5463 
ip@trainercomm.com 
 
Guy Douglas 
Brodeur 
+44 (0)1753 790700 
gdouglas@uk.broduer.com 
 
Mark Pittick 
IPWireless UK 
+44 (0)1666 828753 
mpittick@ipwireless.com 

 

http://www.ipwireless.com/
mailto:ip@trainercomm.com
mailto:gdouglas@uk.broduer.com
mailto:mpittick@ipwireless.com


Exhibit D

FDD and TDD Co-existence and Co-siting
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FDD and TDD Co-existence and Co-siting
• RF Issues

– TDD and FDD allocations immediately adjacent
• TDD 1900-1920MHz
• FDD 

– Uplink 1920-1980MHz
– Downlink 2110-2170MHz

• Node-B to Node-B – deterministic analysis required
– Two issues to address

• TDD Adjacent Channel Interference – solved with Node-B filter
• FDD Receiver Blocking – solved with site engineering solution

– Three scenarios to consider
• FDD Macro TDD Macro Antenna Sharing
• FDD Macro TDD Macro Co-Siting
• FDD Macro TDD Micro Co-Siting

• UE to UE - probabilistic analysis required
– Analysis is more involved

• This shows that the problem is minimal
• TDD and FDD can Co-exist and be Co-sited
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TDD Adjacent Channel Interference - 1

FDDTDD

1900MHz 1920MHz 1980MHz

-110dBmLeakage into FDD Node-B Rx (for 1dB noise rise) 

30dBTDD/FDD Duplexer or Antenna Isolation

-80dBmAdjacent Channel Power for Co-Siting (3GPP 25.105)

59dBTDD Transmit Filter Rejection

-21dBmAdjacent Channel Power after HPA

-55dBAdjacent Channel Leakage Ratio after HPA

+34dBmTDD Node-B Transmit Power
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TDD Adjacent Channel Interference - 2

• Filter is an 8 section cavity resonator
• Measures 12.5x25.0x5.0 cm
• Fits inside Node-B housing
• Costs ~$500-$750 in volume
• Measured responses as per simulation
• Insertion loss is <1.0dB
• Group delay acceptable

• Filter is an 8 section cavity resonator
• Measures 12.5x25.0x5.0 cm
• Fits inside Node-B housing
• Costs ~$500-$750 in volume
• Measured responses as per simulation
• Insertion loss is <1.0dB
• Group delay acceptable



Page 5 Proprietary and Confidential- subject to nondisclosure agreement 

FDD Receiver Blocking - 1
• There is no explicit blocking specification for TDD in the 

FDD Node-B specification TS25.104
• This is because the difficulty in achieving this critically 

depends on the operators allocation and it was not 
considered appropriate to tie the standard to the worst 
case.

• Hence the default blocking specification for TDD is -
52dBm for the first adjacent channel and -40dBm for all 
others.

• However the blocking specification for GSM1800 of 
+16dBm will result in higher performance than this in 
TDD channels away from the boundary.

• Operator specific site engineering solutions for co-siting
addressing the blocking issue are referred to in 
TS25.104.

• There is no explicit blocking specification for TDD in the 
FDD Node-B specification TS25.104

• This is because the difficulty in achieving this critically 
depends on the operators allocation and it was not 
considered appropriate to tie the standard to the worst 
case.

• Hence the default blocking specification for TDD is -
52dBm for the first adjacent channel and -40dBm for all 
others.

• However the blocking specification for GSM1800 of 
+16dBm will result in higher performance than this in 
TDD channels away from the boundary.

• Operator specific site engineering solutions for co-siting
addressing the blocking issue are referred to in 
TS25.104.
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FDD Receiver Blocking - 2
• Operator specific site engineering solutions detailing 

additional filtering in the FDD receive path are specified 
in TR25.942.

• It is concluded that co-siting is possible for all operator 
configurations except the first adjacent channel.

• A TDD transmit power of +46dBm (+43dBm , +3dB 
multicarrier) is assumed.

• However, there is a 12dB difference between the 
specifications for the first adjacent channel and all other 
channels.

• Therefore this implies operating at a -12dB reduced 
power of +34dBm facilitates co-siting for all channels.

• The additional isolation required can be provided for in a 
number of ways depending on the scenario.
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multicarrier) is assumed.
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specifications for the first adjacent channel and all other 
channels.

• Therefore this implies operating at a -12dB reduced 
power of +34dBm facilitates co-siting for all channels.

• The additional isolation required can be provided for in a 
number of ways depending on the scenario.
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Additional isolation required for blocking
Assuming no improvement over standard blocking specification

86dB74dBAll other channels
1902MHz, 
1907MHz, 
1912MHz

98dB86dBAdjacent channel
1917MHz

Additional Isolation
For <1dB de-sense
FDD noise floor -104dBm

Additional Isolation
For 6dB de-sense
FDD noise floor -104dBm

TDD channel
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Solutions for the Three Scenarios

• FDD Macro TDD Macro Antenna Sharing
• FDD Macro TDD Macro Co-Siting
• FDD Macro TDD Micro Co-Siting

• FDD Macro TDD Macro Antenna Sharing
• FDD Macro TDD Macro Co-Siting
• FDD Macro TDD Micro Co-Siting
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FDD Macro TDD Macro Antenna Sharing -1
Operator specific solution example for Orange UK Allocation

Transmit
Filter

? Duplexor

>10dB rtn. lossDownlink/Uplink,
1905-1910MHz

Uplink,
1970-1980MHz 

Downlink,
2160-2170MHz

Insertion loss = 0.4dB
on both FDD and TDD

TDD transmit spectrum satisfies
3GPP TDD ACLR for co-siting
-80dBm (TS25.105 section 6.6.2.2.3)
(with +34dBm transmit power)

For interference free operation
or 0.8dB desensitisation
TDD signal must be <-52dBm 
Hence, Duplexor must provide
+34-(-52) = 86dB rejection
in TDD band

>30dB isolation

FDD equipment assumed to satisfy
3GPP FDD blocking spec. for TDD
-40dBm (TS25.104 section 7.5.1) but
this results in 6dB desensitisation!

FDD Node-B

TDD Node-B
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FDD Macro TDD Macro Antenna Sharing -2
Duplexer Response
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FDD Macro TDD Macro Antenna Sharing - 3
Duplexer Construction
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FDD Macro TDD Macro Co-siting - 1 
Measured Antenna Isolation

66dB63dB2.5m

65dB58dB1.5m

64dB56dB1.0m

55dB48dB0.5m

-46dB0.3m

-30dBSame Package

VerticalHorizontalAntenna Separation

Typical Co-siting Isolation ~48dB
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FDD Macro TDD Macro Co-siting - 2
Additional Filter for FDD Receive with Adjacent Channel
With 50dB Rejection for only 48dB Antenna Isolation  
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FDD Macro TDD Macro Co-siting - 3
The Complication of Mast Head/Tower Top LNAs  

• LNAs will be deployed in many FDD networks
• They are not covered by any 3GPP standard! 
• By definition they are the first thing after the antenna
• They may be driven into nonlinearity by a high power 

interfering signal 
• This could create in-band inter-modulation products that 

cannot be removed by subsequent filtering
• Therefore sufficient filtering of these signals must be 

performed before the Mast Head LNA
• This is filtering is included to protect against DCS1800 

downlink in particular
• Typically sufficient filtering is provided by default in 

allocation specific Mast Head LNAs to facilitate co-siting

• LNAs will be deployed in many FDD networks
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• By definition they are the first thing after the antenna
• They may be driven into nonlinearity by a high power 

interfering signal 
• This could create in-band inter-modulation products that 

cannot be removed by subsequent filtering
• Therefore sufficient filtering of these signals must be 

performed before the Mast Head LNA
• This is filtering is included to protect against DCS1800 

downlink in particular
• Typically sufficient filtering is provided by default in 

allocation specific Mast Head LNAs to facilitate co-siting
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FDD Macro TDD Micro Co-siting - 1
• With FDD Macro and TDD Micro typically physical 

separation is all that is required to ensure interference 
free co-existence – NO ADDITIONAL FILTERING

• With FDD Macro and TDD Micro typically physical 
separation is all that is required to ensure interference 
free co-existence – NO ADDITIONAL FILTERING

Antenna isolation >78dB (free space) >88dB (vehicular) - ITU

r > 500 m
FDD - Macro cell

TDD- Micro cell
r < 500 m
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Theoretical and Practical requirements

• The previous analysis was based on theoretical system 
performance of the FDD equipment.

• Many of these specifications have been designed to be 
easy to meet.

• There are several reasons why equipment may exceed 
the specifications, some identified earlier.

• IPWireless has extensively tested all co-existence 
scenarios with FDD operators the details of which are 
subject to NDA.

• General performance in the case of Node B to Node B 
can be summarised as follows .
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TDD NB-FDD NB Minimum Isolation Required
Assuming +34dBm transmit power from TDD Node B

~35-55dB
(dep. on channel/equip)

86dBAll other channels
1902MHz, 
1907MHz, 
1912MHz

~70dB
(~30dB with IPW coex filter)

98dBAdjacent channel
1917MHz

Practical Isolation
For <1dB de-sense*

Theoretical Isolation
For <1dB de-sense*
FDD noise floor -104dBm

TDD channel

* Note isolation based on de-sense from thermal noise limited performance
The effect will be reduced in interference limited operation

Tested with all FDD Node Bs from the major vendors
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Conclusions

• Practical experience indicates that in all cases except 
the adjacent channel co-siting FDD and TDD is a trivial 
problem and the isolation required can easily be 
provided often by default antenna isolation on the same 
mast.

• Antenna sharing is also feasible with appropriate 
duplexors

• In the case of the adjacent channel scenario co-siting is 
possible with FDD as a Macro layer and TDD as a micro 
layer this providing the required isolation.

• In the adjacent channel scenario FDD and TDD can 
both be employed as Macro layers and co-sited with 
additional filtering in the FDD receive which can be or is 
already included in TTLNAs deployed with FDD
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